INTRODUCTION
============

Rupture of the anterior cruciate ligament (ACL) of the knee is an extremely common sports injury, with an estimated number of 300,000 new cases every year in the United States alone.[@B1] ^,^ [@B2] Surgical procedure for ligament reconstruction is one of the most performed orthopedic surgeries[@B3] and is currently the standard of care, specially for active individuals who aim to return to high-level sports activity.[@B2]

Since its first description, ACL reconstruction surgery has evolved considerably, specially in the last three decades. First proposals of ACL repair by suture appeared at the beginning of the 20th century.[@B4] The 1960\'s and 70\'s witnessed the extra-articular procedures, such as the Lemaire[@B5] or Andrews[@B6] procedures, with poor long term results. The attention, therefore, turned to ACL reconstruction, and the patellar tendon would soon become the gold standard graft. The advent of arthroscopy revolutionized knee surgery, but also brought a new concept of isometric graft positioning, with transtibial femoral tunnel drilling.[@B7] The arthroscopic isometric reconstruction became very popular in the last two decades of the 20th century, but often led to non-anatomic placement of femoral tunnels.[@B8] The 21th century began with the introduction of the anatomical anterior cruciate reconstruction concept by Freddy Fu and coworkers.[@B9] Since then, the pursuit of the ideal graft positioning has led to the so-called "anatomic" single-bundle reconstruction techniques, which can be accomplished by either by an anteromedial approach[@B10] as well as an outside-in femoral drilling.[@B11]

Today, there is still no consensus about the best ACL reconstruction technique. We present the current panorama of the anterior cruciate ligament reconstruction surgery in Brazil. We were also able to analyze the recent evolution of Brazil\'s knee surgeons preferences, since the present study includes data from the last 6 years.

MATERIALS AND METHODS
=====================

A survey was conducted at the last three editions of a national biannual knee surgery event that has the participation of most of the knee surgeons from all around the country. Local ethics committee waived the use of a consent term since there were no patients involved. Therefore, there was no consent form.

The survey was exactly the same in all three occasions and consisted of a 24-item questionnaire that was offered to all participants. ([Appendix 1](#app1){ref-type="app"}) It comprised questions about surgeon\'s demographics (gender, age, region of origin, year of graduation, titles and number of ACL surgeries per year), preferred technique, graft selection, graft positioning, femoral drilling technique, use of braces, drains, antibiotic prophylaxis and most common complications. The tunnel positioning was further analyzed by the use of figures. ([Appendix 1](#app1){ref-type="app"})

The questionnaires were filled independently by each surgeon, without any interference. No information was given and it should contain only the personal experience of each surgeon. The results were organized in an Excel (Microsoft Inc., California, USA) table. Data was presented in absolute frequency (n) and relative frequency (%). To analyze the frequencies and the association of categoric data it was used the Chi-square test or the Fisher\'s exact test when appropriate. Statistical analysis was conducted using the software PASW statistic 18.0 (SPSS Inc., Chicago, USA). Significance level (alpha) of 5% (p\<0,05) was adopted.

RESULTS
=======

A total of 805 questionnaires were distributed in the three events, of which 608 were completed and returned (75% response). Surgeon\'s demographics are shown in [Table 1](#t1){ref-type="table"}. The vast majority of Brazilian knee surgeons that attended to the events were male (98,8%), with a mean age of 42 years old (26-68) and has specialist title and is affiliated to at least one orthopaedic society. Regarding the number of ACL procedures per year, 36% perform more than 50 reconstructions per year, 15% between 41 and 50 and 15% between 31 and 40 reconstructions.

###### Demographics.

  Characteristics                                    Values/Occurrence   [a](#TFN1){ref-type="table-fn"} *P*-Value
  -------------------------------------------------- ------------------- -------------------------------------------
  Age \[mean (range)\] (anos)                        42 (26-68)          \-\-\-\-\-\-\--
  Gender \[n (%)\]                                                       
  Men                                                601 (98.8 %)        \< 0.001
  Women                                              7 (1.2 %)           
  Member of at least 1 medical society \[n (%)\]                         
  Yes                                                581 (95.6 %)        \< 0.001
  No                                                 27 (4.4 %)          
  Number of ACL reconstructions per year \[n (%)\]                       
  01 to 10                                           52 (8.6 %)          \< 0.001
  11 to 20                                           84 (13.8 %)         
  21 to 30                                           80 (13.2 %)         
  31 to 40                                           68 (11.2 %)         
  41 to 50                                           100 (16.4 %)        
  \> 50                                              224 (36.8 %)        

p-values for Chi-square tests. ACL: anterior cruciate ligament

Of all surgeons, 97% perform arthroscopic surgery. The preferred graft is the hamstring tendons graft (64,4%). The patellar tendon is preferred by 10,4%, and 25,2% of the surgeons reported to use either hamstring or patellar tendon graft. The preferred femoral fixation device is interference screw followed by suspensory devices. Most of the surgeons use only interference screw for tibial fixation (79,3%). ([Table 2](#t2){ref-type="table"}) Forty six percent of the surgeons use antibiotic prophylaxis within the first 24 hours of the procedure, 26% only at anesthesia, 4,3% report antibiotic use within 48 hours, 19,8% use for more than 48 hours and 3,5 don\'t use antibiotic prophylaxis. The use of surgical drain fell from 40% to 25% from 2011 to 2015. (p\<0.05, [Figure 1E](#f1){ref-type="fig"})

![Comparison of frequency of utilization of medical procedures between 2011, 2013 and 2015.](1809-4406-aob-27-03-0146-gf01){#f1}

###### Description of surgical preferences.

  Characteristics                                          Values/Ocurrence   [a](#TFN2){ref-type="table-fn"} *P*-Value
  -------------------------------------------------------- ------------------ -------------------------------------------
  **Surgical technique of preference \[n (%)\]**                              
  Arthroscopic                                             590 (97.0 %)       \< 0.001
  Open                                                     18 (3.0 %)         
  **Graft preference \[n (%)\]**                                              
  Hamstring tendons                                        391 (64.4 %)       \< 0.001
  Patellar tendon                                          63 (10.4 %)        
  Either hamstring tendons or patellar tendon              153 (25.2 %)       
  **Femoral fixation device of preference \[n (%)\]**                         
  Endobutton                                               139 (22.9 %)       \-\-\-\-\-\-\--
  Ezloc                                                    4 (0.7 %)          
  Interference screw                                       244 (40.1 %)       
  Interference screw and/or Endobutton                     23 (3.8 %)         
  Interference screw and or press-fit                      2 (0.3 %)          
  Transverse screw                                         147 (24.2 %)       
  Transverse screw and or Endobutton                       21 (3.5 %)         
  Transverse and/or Interference screw and/or Endobutton   2 (0.3 %)          
  Transverse and/or Interference screw                     17 (2.8 %)         
  Thight rope                                              1 (0.2 %)          
  Transverse screw                                         5 (0.8 %)          
  Other                                                    2 (0.3 %)          
  **Tibial Fixation \[n (%)\]**                                               
  Agraaf                                                   2 (0.3 %)          \-\-\-\-\-\-\--
  Interference screw                                       482 (79.3 %)       
  Interference screw and origin                            2 (0.3 %)          
  Interference screw and/or Agraaf                         64 (10.5 %)        
  Interference screw and/or AO cancellous screw            36 (5.9 %)         
  Interference screw and/or Washerlock                     11 (1.8 %)         
  AO cancellous screw                                      3 (0.5 %)          
  AO cancellous screw and/or Washerlock                    4 (0.7 %)          
  Thight rope                                              1 (0.2 %)          
  Other                                                    2 (0.3 %)          
  **Use of surgical drain \[n (%)\]**                                         
  Yes                                                      237 (39.1 %)       \< 0.001
  No                                                       369 (60.9 %)       
  **Use of Brace \[n (%)\]**                                                  
  Yes                                                      74 (12.2 %)        \< 0.001
  No                                                       532 (87.8 %)       
  **Use of Antibiotics**                                                      
  No                                                       21 (3.5 %)         \< 0.001
  Yes at anesthetic induction                              159 (26.2 %)       
  Yes for 24 h                                             280 (46.2 %)       
  Yes for 48 h                                             26 (4.3 %)         
  Yes for more than 48 h                                   120 (19.8 %)       

p-values for Chi-square tests.

In 2011, 2013 and 2015 there were a higher frequency of hamstring graft use compared to patellar tendon graft or use of either graft (p\<0,05), without a change over the years. ([Figure 1D](#f1){ref-type="fig"}) The frequency of use of anatomical technique increased approximately 55% in the years 2011 and 2013, to 85.5% in 2015. (P \<0.001, [Figure 2](#f2){ref-type="fig"}) After 2011 it was also observed progressive reduction from 56.8% to 18.1% by 2015 in the frequency of use of transtibial femoral tunnel drilling technique. (P \<0.001, [Figure 1B](#f1){ref-type="fig"})

![Frequency of utilization of the anatomic technique in 2011, 2013 and 2015.](1809-4406-aob-27-03-0146-gf02){#f2}

No differences were observed between the frequency of use of open or arthroscopic technique, use of double-bundle technique, brace, and graft choice between 2011, 2013 and 2015. (P\> 0.05, [Figure 1A](#f1){ref-type="fig"}, [Figure 1C](#f1){ref-type="fig"}, [Figure 1D](#f1){ref-type="fig"}, [Figure 1F](#f1){ref-type="fig"})

The preferred incision for harvesting hamstring tendons was the vertical longitudinal incision, followed by oblique and transverse incision. ([Figure 3](#f3){ref-type="fig"})
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Association between ACL reconstruction frequency and other procedures with surgeon\'s age.

A significant association between ACL reconstruction frequency per year and surgeon\'s age (P \<0.001) was identified. ([Table 3](#t3){ref-type="table"}) Professionals aged 35 to 60 had the highest number of ACL reconstructions/year, followed by professionals under the age of 35 years and above 60 years. Additionally, a significant correlation between the use of antibiotics (P = 0.002) was observed. ([Table 3](#t3){ref-type="table"}) The most common antibiotic prophylaxis regimen adopted was within 24 hours from anesthesia, followed by the use above 48h, between 24 and 48h and no antibiotic use. There was no significant association between the frequency of ACL reconstruction/year and the femoral tunnel drilling technique used (P = 0.381). ([Table 3](#t3){ref-type="table"})

###### Multiple association.

                               Number of ACL reconstructions per year   *P* - Value                                                                     
  ---------------------------- ---------------------------------------- ------------- ---- ------- ---- ------- ---- ------- ---- ------- ----- ------- --------------
  Femoral drilling technique                                                                                                                            
  Transtibial                  26                                       50.0%         32   38.1%   31   39.2%   21   30.9%   41   41.4%   82    36.6%   *P* = 0.381
  Anatomic                     26                                       50.0%         52   61.9%   48   60.8%   47   69.1%   58   58.6%   142   63.4%   
  Surgeon\'s age                                                                                                                                        
  \< 35 yo.                    36                                       69.2%         35   41.7%   14   17.5%   30   44.1%   26   26.0%   37    16.5%   *P* \< 0.001
  35 \> 60 yo.                 15                                       28.8%         44   52.4%   65   81.3%   35   51.5%   64   64.0%   177   79.0%   
  \> 60 yo.                    1                                        1.9%          5    6.0%    1    1.3%    3    4.4%    10   10.0%   10    4.5%    
  Use of Antibiotics                                                                                                                                    
  No                           4                                        7.7%          0    0.0%    0    0.0%    1    1.5%    2    2.0%    14    6.3%    *P* = 0.002
  Yes at induction             4                                        7.7%          23   27.4%   18   22.8%   25   36.8%   30   30.3%   59    26.3%   
  Yes for 24 h                 32                                       61.5%         40   47.6%   37   46.8%   36   52.9%   39   39.4%   96    42.9%   
  Yes for 48 h                 4                                        7.7%          2    2.4%    4    5.1%    2    2.9%    3    3.0%    11    4.9%    
  Yes for more than 48 h       8                                        15.4%         19   22.6%   20   25.3%   4    5.9%    25   25.3%   44    19.6%   

Association Between the Report of using Anatomic Technique and Procedure Actually Used.

We compared the report of the use of anatomic technique and the tunnel positioning demonstrated in the questionnaires' figures. Only 84.5% of the professionals who reported use of anatomical technique demonstrated proper tunnel positioning technique. It was observed that 98.6% and 85% of all professionals demonstrated proper positioning of the tibial tunnel and femoral tunnel, respectively (P \<0.001). In addition, 24% of the surgeon\'s that are using the transtibial technique claim that they are using anatomic reconstruction technique, and 27.8% of them believe that they are achieving the anatomic femoral positioning. ([Table 4](#t4){ref-type="table"})

###### Association between the report and actual use of anatomic technique.

                                     "I use anatomic technique"   *P* - Value                 
  ---------------------------------- ---------------------------- ------------- ----- ------- ------------
  Tibial tunnel positioning                                                                   
  1 or 2 (anatomic position)         356                          98.6%         168   68.6%   P \< 0.001
  3 (non-anatomic position)          5                            1.4%          77    31.4%   
  Femoral tunnel positioning                                                                  
  2 ou 3(anatomic position)          307                          85.0%         102   41.6%   P \< 0.001
  1,4 ou 5 (non-anatomic position)   54                           15.0%         143   58.4%   
  Femoral drilling technique                                                                  
  Transtibial                        56                           15.5%         177   72.2%   P \< 0.001
  Anatomic                           305                          84.5%         68    27.8%   

Complications After ACL Reconstruction
--------------------------------------

The most common reported complications after ACL reconstruction using the transtibial and anatomical techniques were anterior pain (34.8% and 32.4%, respectively), persistent muscle atrophy (28.8% and 40.5%, respectively) and difficulty in achieving full flexion (11.6% and 4.0% respectively) followed by difficulty in full extension, extension gain, flexion gain, hemarthrosis, stiffness and persistent instability, which alone did not exceed 10% of cases. ([Table 5](#t5){ref-type="table"}) Additionally, a single case (0.3%) of thromboembolism was reported after ACL reconstruction of anatomical access. Only 7.3% and 5.1% of professionals using the transtibial and anatomical aproach, respectively, reported having not observed any complications after ACL reconstruction. ([Table 5](#t5){ref-type="table"})

###### Complications.

  Complications                           Femoral Drilling Technique                 
  --------------------------------------- ---------------------------- ------- ----- -------
  Persistent muscle atrophy               67                           28.8%   151   40.5%
  Difficulty to achieve total extension   24                           10.3%   28    7.5%
  Difficulty to achieve total flexion     27                           11.6%   15    4.0%
  Anterior pain                           81                           34.8%   121   32.4%
  Hemarthrosis                            0                            0.0%    8     2.1%
  Persistent instability                  10                           4.3%    10    2.7%
  Stiffness                               2                            0.9%    4     1.1%
  Thromboembolism                         0                            0.0%    1     0.3%
  None                                    17                           7.3%    19    5.1%

DISCUSSION
==========

The present study defined the current panorama of the anterior cruciate ligament reconstruction surgery in Brazil. To the best of our knowledge, this is the first study that analyzed the evolution of the Brazilian knee surgeon\'s preferences.

Our results shows that most of Brazilian knee surgeons are performing an adequate number of ACL procedures each year, in accordance to the opinion that a surgeon should perform at least 30 procedures per year to be considered a "high volume" surgeon and ensure lesser complication incidence and better cost-effectiveness.[@B12] ^,^ [@B13] A recent similar study from Croatia found that almost 75% of respondents performed four or less ACL reconstructions per month, meaning less than fifty ACL reconstructions per year.[@B14]

The preferred choice of graft (hamstring tendons) is in accordance to the graft\'s choice observed around the world.[@B15] The semi-tendinosus tendon with or without the gracilis tendon, started to gain popularity in the 80\'s and has become the more commonly used graft for years now. Nevertheless, patellar tendon graft is still considered the gold standard by several surgeons.[@B16] Although the double bundle technique can´t be considered a new approach to the ACL reconstruction, it´s use among Brazilian surgeons was reflected to be predominantly nonexistent for all the time points. We believe that aspects such as technique learning curve and costs are the main reason why we see this scenario in Brazil. This finding was somewhat expected as the popularity of the double bundle technique has never been large among Brazilian surgeons.

The most important finding of the present study is the trend to the gradual abandonment of the isometric positioning technique that use transtibial approach for femoral drilling. We observed a progressive reduction in the frequency of use of transtibial femoral tunnel drilling technique and a higher frequency of the single-bundle anatomic technique with independent drilling, either through the anteromedial portal or outside-in technique, which also is in accordance to the world trend. Despite the fact that the discussion is far from over, there is a crescent number of studies showing that anatomic reconstruction could restore ACL function more closely to the native ligament, with better biomechanical and clinical results, specially regarding knee rotation.[@B7]

Another interesting finding was the misconception of the so-called "anatomic technique". Only 84.5% of the professionals who reported use of anatomical technique demonstrated proper tunnel positioning technique using the questionnaire\'s figures. Moreover, 24% of the surgeons reporting the use of transtibial femoral drilling technique also reported to be using anatomic reconstruction technique. It is known that transtibial femoral tunnel drilling results in non-anatomic placement of the femoral tunnels.[@B8] ^,^ [@B17] Literature also shows a confusion regarding the proper report of the chosen ACL reconstruction technique among articles. Van Eck et al., examined 74 studies that claimed to use "anatomic technique" for ACL reconstruction and found a gross under-reporting of specific operative technique data.[@B18]

When harvesting the hamstrings tendons we found a preference for longitudinal incision. It is known that iatrogenic injury to the infrapatellar branch of the saphenous nerve is a common complication during ACL reconstruction with hamstrings tendon.[@B19] A recent systematic revision concluded that the available studies suggest less neurological damage if an oblique incision is used.[@B20]

Our finding on the use of post-operative brace after ACL reconstruction suggest a low indication of brace which have diminished over time and had never been greater than 14% of all the respondents of our survey. Our results may be justified by evidence[@B21] that suggest that the use of post-operative brace have poor effect on pain control during the post-operative phase. However, different surgeons indicate the use of brace for different reasons such as protection and range of motion control. Perhaps a more interesting question would be to those who indicate bracing, what are the main reasons for prescribing this intervention.

Our study has some limitations. First of all, it is based on a survey. The answers may not reflect the real practice of each surgeon. Secondly, we did not investigates results, rehabilitation protocols, return to sports criteria or some other information that could be interesting. Thirdly, the vast majority of responders were male, which do not reflect totally the gender distribution of knee surgeons through our country. Still, it is in fact a predominantly male speciality in Brazil. However, our strength rely on the high number of responders and specially on the fact that data from 3 different events were analyzed, which made possible to observe shifts in preference trends through the past 6 years.

CONCLUSION
==========

The current panorama of the anterior cruciate ligament surgery in Brazil shows that Brazilian knee surgeons preferences are in accordance to the current world practice, with recent substitution of isometric graft positioning through transtibial femoral tunnel drilling technique for anatomic positioning through independent femoral tunnel drilling technique.

This study was conducted at Núcleo de Estudos do Instituto Wilson Mello, at the address Rua José Rocha Bonfim, 214, Ed. Chicago, 1o. andar, Condomínio Praça Capital, Jardim Santa Genebra, CEP 13080-650, Campinas, SP, Brazil
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